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Abstract 
 
This paper statistically examines the relationship between the quality of drinking water and 
urbanization, with a focus on cities in China. After controlling the effects of government efforts and 
socio-economic environments, the regression analysis shows that both population size and 
population growth have significantly negative impacts on water quality. This suggests that 
wastewater treatment systems in urban cities in China do not have the capacity to accommodate 
for both the population size and the population growth. 
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I. Introduction 
 
In recent years, the international community has paid attention to the water quality 
problem, especially since Agenda 21, which is the action plan to protect the 
environment, was adopted in 1992 (WHO/UNEP 1997: 10.1.1). In addition, in the 
United Nations Millennium Development Goals, one of the goals is to ‘reduce by half 
the proportion of people without sustainable access to safe drinking water’ (United 
Nations 2000). It has been internationally acknowledged that water problems are at a 
crisis point for human life as well as the environment. Along this line of growing 
international concern, this paper examines the determinants of the quality of drinking 
water with a focus on urban cities in China. 
 
In China, where population size is the biggest in the world and environmental 
destruction is proceeding due to the rapid economic growth and urbanization, there is 
a serious water pollution problem. Since 1949 water pollution caused by industrial 
wastewater has increased, and especially since the economic reform in the 1970s, 
pollution has escalated1 (Banister 1998: 995); at the same time the population in urban 
areas doubled from 1978 to 1995 (Shen 1998: 38-9), due to migration from rural areas 
to urban cities2 (Banister 1998: 1011; Shen 1998: 33), and urbanization emerged 
rapidly (Shen 1998: 38-9), with population growth and industrialization. By 1996, 
following the government policy that industrial enterprises should treat their 
wastewater, 82 per cent of industrial wastewater in urban areas was treated; however, 
much of the sewage in urban areas goes untreated and is dumped into rivers and lakes. 
                                                        
1 Until the 1970s the Chinese government encouraged heavy industries, which tend to emit more 
pollution per unit of production (Zhang et al 1999: 26-7). Even after the transition to a market economy 
in the 1970s, heavy industries were still encouraged; especially, the township enterprises, such as 
fertilizer, textile, cement and machinery factories, which tend not to control pollution due to less 
monitoring from the government, were strongly encouraged (Zhang et al 1999: 26-7). These are the 
cause of increasing pollution.  
2  The population in China has grown rapidly since 1949 (Shen 1998: 32). Especially, the total 
population in urban areas increased dramatically. According to Shen (1998: 38), the urban population 
will more than double from 1995 to 2040. The most important cause of population growth in urban 
areas is migration from rural areas to urban cities. Since the economic reform, the restriction of 
migration has been loosened (Banister 1998: 1011). As a result, rural migrants into urban cities have 
increased drastically (Banister 1998: 1011; Shen 1998: 33).  
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As a result, surface water and ground water have been increasingly polluted due to 
industrial and domestic wastewater and also agricultural runoff (Banister 1998: 995). 
Furthermore, in the 1990s pollution in urban areas spread to rural areas (Zhang, 
Vertinsky, Ursacki and Nemetz 1999: 29). Water pollution in urban areas can affect 
water quality in rural areas. Thus, water pollution in urban cities is one of the serious 
problems in China. 
 
The deterioration of water quality in China seriously affects the inhabitants. For 
example, the residents in Chongqing and Guangyuan are suffering from diseases due 
to water pollution from industrial wastewater (Searchina 2004ab). Another serious 
problem is unsafe drinking water. According to Chinanet (2005), 300 million people 
in China cannot drink water which passes the standard for safe drinking, and some 
people in villages are suffering from diseases due to unsafe drinking water, like in 
Chongqing and Guangyuan. This problem that people are drinking unsafe water does 
not occur only in rural areas. Even in urban areas, sources of drinking water are 
polluted. For instance, only 31 of 47 major cities in China passed the national 
standard for the quality of sources for drinking water (People daily 2004). This means 
that people in 16 major cities in China are in danger of drinking unsafe water if 
appropriate water treatment is not carried out. Thus, it is essential for China to solve 
the water pollution problem. 
 
The main focus of this study is to examine the relationship between the quality of 
drinking water and urbanization with a focus on cities in China. The regression 
analysis was conducted based on the results of the water quality tests in 44 major 
cities in China. The findings show both population size and population growth have a 
significant impact on water quality. 
 
The outline of the paper is as follows. The second section looks at the determinants of 
water pollution in urban areas. The third section examines the relationship between 
population size and population growth, and water quality with the regression analysis. 
Finally the fourth section provides a conclusion and discusses the policy implication 
of the results. 
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II. Urbanization and water pollution 
 
There are various determinants of water pollution. One of the major causes is 
population. For example, Kemp (2004: 126, 135) and Chu and Yu (2002: 129) suggest 
that population growth brings environment deterioration through development, such 
as large scale farming, urbanization and industrialization3. Kempt also states (2004: 
277) that population growth and the change of life style and technology bring worse 
sewage, because the nature cannot keep up with the treatment of the pollution. Also, 
Stapleton, Hemminger and Senecah (2004: 140) clearly say that population size is one 
human impact on environment.  
 
Another factor of water pollution is human activities. Of all human activities, the main 
sources of water pollution are domestic and industrial wastewaters (Kemp 2004: 277). 
Domestic wastewater comes from ‘residential sources including toilets, sinks, bathing, 
and laundry’ and industrial wastewater is ‘discharged by manufacturing processes and 
commercial enterprises’ (Stapleton et al 2004: 298). Although industrial wastewater 
has been increasingly controlled in many developed countries and some countries in 
transit (WHO/UNEP 1997: 2-1), it is still a major problem (Kemp 2004: 273). In 
developing countries, wastewaters tend to dump into rivers without treatment 
(WHO/UNEP 1997: Case Study II, VI, IX, X). Thus, it can be seen that humans’ daily 
life and industrial companies contribute to water pollution. 
 
Another human activity that causes water pollution is agriculture. Although 
agricultural activities are more active in rural areas than in urban areas, agriculture is 
still important for urban cities in China4. The main causes of water pollution from 
agriculture are pesticides, chemical fertilizers, intensive farming in certain areas, and 
livestock manure (Environmental Agency 2005; Rogers 2000: 36; WHO/UNEP 1997: 
                                                        
3 ‘An increased people is confronted with an increased competition for resources’, but human beings 
can develop ‘ways to mitigate the pressure of insufficient resources’, such as through ‘improved 
farming technologies, and the construction of the transportation infrastructure to facilitate food 
transaction’ (Chu and Yu 2002: 129). These changes tend to cause environmental deterioration (Chu 
and Yu 2002: 129).  
4 For example, Shanghai is promoting agricultural industrialization and developing an urban style of 
agriculture. Furthermore, Tianjin has land with a higher degree of fertility, which is suitable for 
agriculture; in fact, it has a large area of farmland (Chinanet 2001).  
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Case Study I, II, X), which go into underground water or run off into rivers or surface 
water (NIAES 2002). This problem is serious in both developed and developing 
countries. Especially in the countries where the population is dramatically increasing, 
there is a tendency to use enormous amounts of chemical fertilizers, in order to 
produce enough food for the population (NIAES 2002). These chemical fertilizers 
contain chemical substances which are harmful to human body if found in sources for 
drinking water. In this way, agricultural activities affect water quality. 
 
The other sources of water pollution come from various other different situations 
which tend to occur in urban areas. For example, soil particles from construction and 
demolition sites, and also oil and toxic chemicals from car maintenance and runoff 
from road surfaces (Environmental Agency 2005) are also causes of water pollution. 
In addition, land in urban cities is covered with ‘buildings, asphalt, and concrete’, 
which brings a large amount of quick runoff, contributing to water pollution (Miller 
1996: 258; Stapleton et al 2004: 75). Such an urban lifestyle and an urban design are 
also factors contributing to water pollution. 
 
In summary, water pollution is determined by mainly two factors: the number of 
people and the amount of consumption and production by human activities. However, 
the existing studies focus much more on the human activities than population. The 
reasons why human activities tend to be focused on will be because increased 
population, after all, brings more human activities which cause increasing 
environmental damage than before. Therefore, they cannot mention population 
without stating human activities.   
 
While the above human activities produce pollution, human beings can eliminate the 
pollution through their actions. According to the existing studies, whether countries 
try to improve environmental quality depends on their income level. For instance, a 
lack of capital resources in developing countries brings environmental problems since 
they cannot afford to establish mechanisms for water pollution control (WHO/UNEP 
1997: Case study VI; Miller 1996: 259). However, the relationship between income 
level and pollution is not necessarily linear. According to Auty (1997: 214) and 
Grossman and Krueger (1995: 370), historically, economic growth brings the 
reduction of environmental quality at the beginning of the growth, and then from a 
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certain point in GDP per capita, environmental quality tends to be improved. The 
reason for this non-linear relationship is because of the change of demand 
composition at higher GDP per capita and industrial and environmental policies (Auty 
1997: 214-5). Thus, income level affects environmental quality through human 
activities which try to improve the environment. 
 
The effectiveness of pollution control mechanisms mostly depends on government 
actions. Water problems are caused by inadequate water management (Global Water 
Partnership 2000: 9). In fact, although the sources of water pollution are similar 
around the world, the degree of pollution can be different because of industrial and 
environmental policies (Auty 1997: 215). Population and human activities affect 
water quality; however, appropriate treatment works can help to avoid the 
deterioration of water quality. Therefore, it can be said, that whether companies 
control water pollution produced by them, and whether cities have facilities to treat 
domestic sewage, are affected by government policies.  
 
Although most literature and organizations suggest a framework of water 
management and better water management, they tend to focus on the solution or 
prevention of water pollution due to human activities, such as wastewater treatment 
systems, and hardly mention anything about population. Even when population is 
mentioned, population size and population growth are treated conceptually as the 
same thing, despite the different definitions. Certainly population size increases as 
population grows; however, in examining the effect of the relationship between 
population and pollution control on water quality, it is important to consider 
separately the initial population size and population growth. 
 
For example, according to Porter (1973: 88), population growth in areas with 
sufficient sewage treatment mechanisms does not adversely affect the environment, 
while the same population growth in areas releasing untreated sewage can have a 
serious impact on the water quality. In other words, appropriate treatment can deal 
with pollution produced by the number of the population growth. In this case, 
population growth does not affect environmental damage. Porter clearly focuses on 
only population growth, not population size, because they are different concepts. The 
amount of pollution due to initial population size and the amount of the increased 
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pollution due to population growth are different. Therefore, policies for water 
pollution treatment are also different, when depending on the situations of initial 
population size and population growth.  
 
Based on the above discussions, this paper presents the following hypotheses. After 
controlling the other effects, such as consumption and production activities by people, 
government efforts for water pollution treatment and income level,  
Hypothesis 1: both the population size and population growth do not have significant 
effects on water quality,  
Hypothesis 2: the initial population size affects water quality while population 
growth does not,  
Hypothesis 3: the initial population size does not have a significant effect on water 
quality while population growth does,  
Hypothesis 4: both initial population size and population growth have a significant 
impact on water quality.  
Policy plans should be different depending on which hypothesis is shown to be correct 
in the particular city. If Hypothesis 1 is supported, wastewater treatment keeps up with 
pollution control due to both the initial population size and population growth. If 
Hypothesis 2 is supported, wastewater treatment has not kept up with the initial 
population growth, but the new establishment of wastewater treatment systems has the 
capacity to accommodate the population growth. If Hypothesis 3 is supported, 
wastewater treatment mechanisms have the capacity to deal with the pollution due to 
the initial population size, but it does not keep up with population growth. Finally, if 
Hypothesis 4 is supported, wastewater treatment does not have the capacity to deal 
with the pollution owing to both the initial population size and the population growth.  
 
III. Regression Analysis 
 
A. Data 
The sample of this analysis is 44 major cities in China, the details of which are 
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provided in Table 1. These cities are considered important cities which have 
encouraged environmental protection (China’s Daily 2004) and all are major cities for 
industrial activities or/and tourism, and hold larger populations. The locations of these 
cities are spread from east to west and from north to south in China, and at least one 
city in each province except Heilongjiang province and the Tibet autonomous region 
has been chosen. Descriptive statistics of the following variables are presented in 
Table 2. 
 
Dependent Variable: Water Quality 
The dependent variable is the quality of water sources for drinking water. This data 
was obtained from China’s daily (2004) and China Internet Information Center (CIIC 
2004), which reported the result of the test of water quality in 47 key cities. Since the 
data of some independent variables of Harbin, Lhasa and Zhanjiang could not be 
obtained, these three cities were dropped from the original 47 set for analysis. 
Therefore, the number of the observation is 44. These water quality tests were 
conducted by the National Environmental Protection Administration of China in 
February 2004. The result is divided into 4 categories: 1) cities where all water 
sources reached the national standard of the quality; 2) cities where less than 10 per 
cent of the sample of water sources did not reach the standard; 3) cities where more 
than 10 per cent of the sample of water sources did not reach the standard; 4) cities 
where all water sources did not reach the standard.  
 
Key Independent Variables: population growth and initial population size 
Population growth was measured by the growth rate for five years from 1997 to 2002 
in each city. 5  The population growth rate is defined (1/5)*ln(population in 
2002/population in 1997), based on the formula used in Economic Growth (Barro and 
Sala-i-Martin 1995). The population is the aggregate population of each city at the 
end of the year, in 1997 and 2002. The initial population size is measured by the 
aggregate population of each city in 1997. The number of population was transformed 
to log. The population data was obtained from Urban Statistical Yearbook of China 
2003, 1998.  
 
                                                        
5 Since the data of 2003 could not be obtained at that time, I used the data in 2002. 
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In this yearbook, the data is divided into two categories: “whole city” and “districts 
under the jurisdiction of cities”. “Whole city” means ‘all administrative areas under 
the jurisdiction of the city, which include the city zone, suburbs, and outskirts under 
the jurisdiction of the city’; ‘“Districts under the jurisdiction of cities” comprise the 
city zone and suburbs only, excluding outskirts under the jurisdiction of the cities’6 
(Urban Statistical Yearbook of China 2003). Since I do not know which category is 
applied to the area of cities in the water quality test, I used the data of ‘whole city’. 
 
Control Variables  
Because water quality is affected by other factors, such as government efforts for 
water treatment and the social and economic environment, eight additional 
independent variables were used to control these factors. The following is a brief 
explanation of each variable. All variables are in log. 
 
1. Government efforts: Wastewater treated 
As mentioned before, the main contributors to water pollution are domestic and 
industrial wastewater. Therefore, whether this wastewater is treated or not is a very 
important factor which has an impact on water quality. In addition, whether or not the 
cities have wastewater treatment systems reflects government policies on water 
pollution. 
 
1-1. Domestic wastewater treated 
As mentioned before, one of the causes of water pollution is domestic wastewater, and 
whether wastewater from houses is treated or not is an important factor which affects 
water quality. Therefore, the amount of domestic wastewater treated in 2002 was used 
as one of control variables. If a sufficient amount of domestic sewage is treated, this 
variable will show a positive effect on water quality. The measurement unit is tons. It 
would probably be ton for a whole year, but the details are not mentioned in the 
source. The data was obtained from China Environmental Yearbook 20037.  
 
                                                        
6The yearbook is written in Chinese. 市辖县- outskirts under the jurisdiction of cities; 城区-city zone; 
市辖区- districts under the jurisdiction of cities. 
7 In this yearbook, whether data is about ‘whole city’ or ‘district under the jurisdiction of cities’ is not 
explained.  
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1-2. Industrial wastewater treated 
Another important factor is industrial wastewater. This is a major factor which 
contributes to water pollution in urban areas all over the world. Urban cities tend to 
concentrate on industrial activities; therefore, whether industrial wastewater is treated 
or not is another important factor which affects water quality. I selected three 
variables for industrial wastewater treated. One is the number of facilities which 
process industrial wastewater, because appropriate treatment can be partly represented 
by the number of treatment facilities. The data was obtained from China 
Environmental Yearbook 2003. 
 
According to the yearbook, the facilities define ‘the facilities (including something 
constructed (构筑物)) employed by a company either to process wastewater or to 
utilize the processed wastewater; each unit is counted on the basis of an integrated 
wastewater processing system. The accessories therein, such as wastewater processing 
components and other equipments functioning as accessories to the system, are not 
counted individually. The dysfunctional facilities are not counted either’ (China 
Environmental Yearbook 2003: 741). 
 
I standardized the number of facilities by dividing the number of facilities with the 
number of aggregate industrial companies in each city in 2002. The facilities are 
employed by companies; therefore, the number of facilities per company can partly 
explain the effect of industrial wastewater treatment relative to wastewater emitted. 
As with domestic wastewater treated, the number of facilities is expected to show a 
positive effect on water quality. The data for the number of companies was also 
obtained from China Environmental Yearbook 2003. 
  
Another variable is the projects to reduce industrial wastewater. The previous variable, 
facilities, may include both old and new facilities. Some cities may have many old 
facilities, which are less effective in treating wastewater than the same amount of new 
facilities. Therefore, I used the number of completed industrial wastewater projects in 
2002. It is assumed that the projects completed in 2002 mean that treatment facilities 
with new technologies started functioning in 2002 and efficiently and effectively 
control pollution; therefore, it will have a positive impact on water quality. From the 
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data and even the explanation of the statistics in the source I used, the details of what 
kinds of projects control industrial wastewater and how big these projects are is 
unknown. Therefore, assuming that both industrial companies and local governments 
implemented the projects8, the number of the projects is divided with area size. The 
bigger the area size, the more projects it will be necessary for governments to 
implement. The data of projects was from China Environmental Yearbook 2003 and 
the data of area size was from Urban Statistical Yearbook of China 2003. 
 
Furthermore, investment into the projects to control wastewater is also added. How 
much money was spent for anti-pollution projects will indirectly affect water quality, 
because basically it is expected that spending more money is associated with the 
higher recognition of the water pollution problem among companies and also the 
better functioning quality with which wastewater treatment systems are built. This 
variable is measured by the aggregate investment into the completed projects to 
control wastewater in 2002 per industrial company. As this investment is allocated by 
companies, I used investment per company. It is expected that investment has a 
positive effect on water quality. The data was obtained from China Environmental 
Yearbook 2003. 
 
2. Social and economic environment 
As for variables measuring social and economic environment in each city, two 
variables were chosen: the area of cultivated land per capita and the aggregate number 
of industrial companies per capita in 2002. These can explain the industrial structure 
in each city, agricultural activities and industrial activities, which are major factors 
that emit water pollution. On agricultural activities, the use of enormous amounts of 
chemical fertilizer is one of the major causes of water pollution; however, I used only 
cultivated land area per capita because I cannot obtain the data of the amount of 
chemical fertilizer used in each city. Since only the data of cultivated land area per 
                                                        
8  In the P.R.China Environmental Protection Law, one of the guiding principles is ‘polluter 
responsibility’, which means that polluters should invest in facilities for wastewater treatment (Ma and 
Ortolano 2000: 16).in this case, industrial companies will implement projects for pollution control. 
However, the Water Pollution Prevention and Control Act says that national and provincial agencies 
can ‘employ mass-based pollution control systems for water bodies that would not meet ambient 
standards even if all discharges met concentration-based effluent standards’ (Ma and Ortolano 2000: 
28). In this case, the government will implement the projects for pollution control. 
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capita can be obtained, there is no reason for dividing with population. Judging from 
the existing research, the area size of cultivated land will have a negative effect on 
water quality.  
 
The aggregate number of industrial companies in each city was divided with 
population as was done so for cultivated land. The source does not mention any 
details of the industrial companies, which may include both private and state-owned 
companies. Industrial companies are key actors which emit pollution; therefore, this 
variable is expected to show a negative impact on water quality. The data of cultivated 
land area per capita and population were obtained from Urban Statistical Yearbook of 
China 2003; the number of industrial companies was from China Environmental 
Yearbook 2003. 
 
3. GDP per capita 
As mentioned before, GDP per capita will also be an important factor to determine 
water quality. Although the analysis of the relationship between per capita income and 
environmental indicators in the literature is dealt with only on a national level, I added 
GDP per capita and the squared GDP per capita in each city as a control variable, 
assuming that this theory can be applied at a regional level. If the U-curve theory is 
applied even at a city level, GDP per capita is expected to show a negative effect; and 
the squared GDP per capita will show a positive effect on water quality. In this paper, 
GDP actually indicates gross regional product9 in each city and is expressed in current 
prices in Chinese currency, yuan. GDP per capita is calculated by dividing GDP with 
population in 2002. Both of these statistics are from Urban Statistical Yearbook of 
China 2003. 
 
B. Results 
Since the dependent variable is the categorical variable, I used both ordered probit and 
ordinary least squared (OLS) methods. These results are presented in Table 3. Also, I 
calculated VIF (variance inflation factor) in order to check whether each independent 
                                                        
9 The market value of final goods and services produced in a country (region) over a specific period 
(Urban Statistical Year of China 2003: 586). [It includes the income of foreign corporations and foreign 
residents working in that country (region), but excluding the income of the residents and corporations 
of that country (region) overseas.]  
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variable was highly correlated with other variables. As VIFs are low, in my estimation 
the problem of multicollinearity is not serious. Furthermore, in both methods, P-
values of Chi-square and F tests are almost 0; therefore, both OLS and ordered probit 
regression models have a statistically significant overall explanatory power. 
 
First of all, for ordered probit, population growth and initial population size have a 
significant impact on water quality (p=0.014 and p=0.003 respectively). Another 
variable which is significant is projects to control wastewater (p=0.016). Domestic 
wastewater treated almost reached the conventional level of significance (p=0.108). 
As expected, the signs of regression correlation for population growth and population 
size are negative while the number of projects to control wastewater and domestic 
wastewater treated show positive signs.  
 
Even using the OLS method, the results are almost the same. The significant 
independent variables are the same three variables, population growth, initial 
population size and projects to control wastewater. In addition to these three variables, 
domestic wastewater treated becomes significant (p=0.069). As with the ordered 
probit method, the significant levels are very high in population growth and 
population size (p=0.003; p=0.005). From these results, it can be said that population 
growth and population size have more significant impacts on water quality than 
wastewater treatment. 
 
It is interesting to note that, compared with projects to control wastewater and 
domestic wastewater treated which show high levels of significance, investment into 
projects to control wastewater and facilities are insignificant. The effects of both of 
these on water quality are, as expected, positive. This result can be seen in both 
ordered probit and OLS methods. In terms of GDP per capita, as expected, GDP per 
capita has a negative effect on water quality and the squared GDP per capita has a 
positive sign although they are not statistically significant. Furthermore, contrary to 
the expectation, cultivated land shows a positive impact on water quality while, as 
expected, industrial companies show a negative effect on water quality. 
 
From these results, it can be concluded that population in urban cities in China 
strongly affects water quality, and also wastewater treatment systems are not enough 
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to accommodate the population growth as well as the population size. In other words, 
wastewater treatment mechanisms did not keep up with the population size of 1997 or 
even the population growth for the following five years. This suggests that of the four 
hypotheses presented earlier, Hypothesis 4 is empirically supported. 
 
One of the other findings to enhance explanations is the significant effect of projects 
to control wastewater on water quality. As these projects were just completed in 2002, 
the introduction of industrial wastewater treatment mechanisms using new 
technologies is one of the important elements that improve water quality. Furthermore, 
whether domestic wastewater is treated or not is an important factor for water quality. 
Since domestic wastewater is one of the major causes for water pollution, this is the 
natural result. In summary, in urban cities in China industrial wastewater treatment 
systems with new technologies and domestic wastewater treatment mechanisms are 
also determinants of water quality. 
 
Interestingly, of the four variables relating to the effectiveness of wastewater 
treatment, two variables, investment into projects to control wastewater and facilities 
were not significant. This means that how much money is spent on projects of 
wastewater treatment is not important. Also, as facilities may be both old and new, the 
insignificance of facilities implies that the number of facilities cannot be a 
determinant for water quality. Water quality may more reflect efficiency and 
effectiveness of the treatment mechanisms. 
 
The other points to mention are cultivated land area and GDP per capita. The reason 
why cultivated land shows a positive effect on water quality, although it is not 
significant, may be because cultivated land indicates not pollution due to the amount 
of chemical fertilizers used, but that more cultivated land area means less industrial 
activities which emit serious pollution. In fact, the number of industrial companies has 
a negative effect on water quality. As for GDP per capita, GDP per capita does not 
have a significant impact on water quality. This may imply that water quality is 
determined by government efforts to control pollution rather than GDP per capita. 
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IV. Conclusion 
 
Water pollution is one of the problems that urban cities face in the process of the 
urbanization. Most literature tends to focus on industrial and domestic wastewater and 
pollution due to agricultural activities as the causes of water pollution, and suggest 
effective treatment mechanisms. This is certainly true because essentially human 
activities affect water quality. However, population is also a major element which has 
a strongly negative effect on water quality.  
 
This study shows that in urban cities in China the capacity of the water treatment 
systems in 2002 did not accommodate even the size of population in 1997. Also the 
systems did not deal with the increased pollution due to population growth for the five 
years from 1997 to 2002. In other words, urban cities in China do not have enough 
appropriate wastewater treatment mechanisms to cope with the large number of the 
population five years ago or the population growth. This situation strongly affects 
water quality. Especially in urban cities like China, where there is already a large 
number of population, and population growth is also dramatic, there is a need to pay 
more attention to the population size and the population growth.  
 
When governments plan the policies for the water pollution management, they should 
consider whether or not the current water treatment systems effectively and 
completely treat the water pollution emitted by the current population size. If the 
systems do not have enough capacity for the current population size, governments 
need to plan the increase of treatment systems to keep up with the current population 
size. At the same time, taking the future population growth into account, they need to 
plan the further increase of wastewater treatment mechanisms to accommodate for the 
future population growth. Furthermore, although I ignored that water pollution may 
come from outside cities because the exact points of water sources tested cannot be 
known, it is possible that some water sources, especially rivers, can be affected by 
pollution produced by people from other areas, such as upstream residents. Therefore, 
the negative effect of pollution from outside may also need to be taken into account. 
 
Another important point is the necessity for efficient and effective treatment. The 
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number of completed projects to control industrial wastewater in 2002, which would 
introduce new technologies, and the amount of domestic wastewater treated, 
determine the level of water quality. However, the amount of money for investment 
into wastewater treatment and the number of facilities, which may include both old 
and new facilities, do not have a significant effect on water quality. This result shows 
that the amount of money which is spent for the establishment of wastewater 
treatment systems is not important; rather, the efficiency and effectiveness of 
implemented wastewater treatment management to curb water pollution is the key to 
improve water quality. Furthermore, in light of the large amount of the population size 
in urban cities in China, Chinese governments will need to implement more domestic 
wastewater treatment systems. 
 
For a further study, as dependent variable the specific data pertaining to the level of 
pollutants that water sources contain and the data of the amount of chemical fertilizer 
used in each city could be used in a deeper analysis. In addition, a time-series analysis 
by collecting past data would also be interesting. 
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Appendixes 
 
Table 1 The major cities used in the analysis     
天津 Tianjin   南通 Nantong  北海 Beihai 
上海 Shanghai  连云港 Lianyungang 海口 Haikou 
石家庄 Shijiazhuang  杭州 Hangzhou 郑州 Zhengzhou 
秦皇岛 Qinhuangdao 宁波 Ningbo 贵阳 Guiyang 
太原 Taiyuan  温州 Wenzhou 昆明 Kunming 
呼和浩特 Huhehaote  福州 Fuzhou 西安 Xi‘an 
长春 Changchun  深圳  Shenzhen 兰州 Lanzhou 
沈阳 Shenyang  珠海 Zhuhai 银川 Yinchuan 
大连 Dalian  汕头 Shantou 北京 Beijing 
合肥 Hefei  长沙 Changsha 成都 Chengdu 
南京 Nanjing  厦门 Xiamen 南昌 Nanchang 
济南 Jinan  青岛 Qingdao 烟台 Yantai 
苏州  Suzhou  南宁 Nanning 武汉 Wuhan 
乌鲁木齐 Urumqi  重庆 Chongqing 西宁 Xining 
广州 Guangzhou   桂林 Guilin      
       
 
 
Table2 Descriptive Statistics           
Variable N Mean Std.Dev. Min. Max. 
Water quality 44 3.34 0.99 1 4 
Population growth 44 0.23 0.04 -0.01 -0.26 
Population 44 6.00 0.85 3.94 8.02 
Domestic wastewater treated 44 8.55 1.08 5.23 10.59 
Facilities 44 -0.23 0.30 -0.87 0.44 
Projects to reduce wastewater 44 -6.13 1.18 -8.37 -3.68 
Investment in wastewater treatment 44 1.89 1.04 -0.49 4.00 
Cultivated land per capita 44 -0.51 0.82 -3.22 1.32 
Industrial company 44 -0.21 0.64 -1.23 1.62 
GDP per capita 44 9.76 0.63 8.67 11.99 
Squared GDP per capita 44 95.65 12.64 75.66 143.86 
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Table2: Ordered probit and Ordinary least squared (OLS) Results 
 
 Ordered probit OLS 
  Coefficient
Robust 
Std. Error Coefficient 
Robust 
Std. Error 
Population growth -16.91** 6.92 -11.94*** 3.79 
      
Population -1.69*** 0.56 -0.89*** 0.30 
      
Domestic wastewater treated 0.71 0.44 0.45* 0.24 
      
Facilities 0.90 0.89 0.64 0.54 
      
Project to reduce wastewater 1.00** 0.41 0.52* 0.27 
      
Investment  0.21 0.30 0.18 0.19 
      
Cultivated land 0.33 0.48 0.17 0.29 
      
Industrial companies -0.52 0.74 -0.21 0.47 
      
GDP per capita -5.70 11.36 -2.85 4.95 
      
Squared GDP per capita 0.23 0.56 0.10 0.24 
      
Constant   26.68 26.13 
     
Cut point1 -46.79 58.08   
     
Cut point2 -45.17 58.08   
     
Cut point3 -44.91 56.06   
      
Wald statistics (10) 29.53***    
F-statistics(10, 33)   5.71***  
R-squared 0.23  0.34  
Root MSE   0.92  
Note: * P<0.10, ** P<0.05, *** P<0.01 (two-sided). The number of observations is 44. 
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